Objective: To examine the cumulative influence of adverse behavioural, social, and psychosocial circumstances from adolescence to young adulthood in explaining social differences in overweight and obesity at age 30 years and if explanations differ by gender. Design: A 14-year longitudinal study with 96.4% response rate. Subject: Data from 547 men and 497 women from a town in north Sweden who were baseline examined at age 16 years and prospectively followed up to age 30 years. Measurements: Overweight and obesity were ascertained at ages 16 and 30 years. Occupation and education were used to measure socioeconomic status. The explanatory measurements were: age at menarche, smoking, physical activity, alcohol consumption, TV viewing, home and school environment, social support, social network, and work environment. Results: No gender or social difference in overweight was observed at age 16 years. At age 30 years, significantly more men than women (odds ratio (OR) ¼ 2.81, 95% confidence interval (CI) 2.14-3.68) were overweight or obese. Educational level was associated with overweight at age 30 years, but not occupational class. Both men (OR ¼ 1.55, 95% CI 1.10-2.19) and women (OR ¼ 1.78, 95% CI 1.16-2.73) with low education (p11 years) were at risk of overweight. The factors that explained the educational gradient in overweight among men were low parental support in education during adolescence, and physical inactivity, alcohol consumption, and nonparticipation in any association during young adulthood. The educational gradient in overweight in women was explained mostly by adolescence factors, which include early age at menarche, physical inactivity, parental divorce, not being popular in school, and low school control. Restricted financial resource during young adulthood was an additional explanatory factor for women. All these factors were significantly more common among men and women with low education than with high education. Conclusion: Social inequities in overweight reflect the cumulative influence of multiple adverse circumstances experienced from adolescence to young adulthood. Underlying pathways to social inequity in overweight differ between men and women. Policy implications to reduce social inequity in overweight include reduction of social differences in health behaviours and social circumstances that take place at different life stages, particularly psychosocial circumstances during adolescence.
Introduction
The prevalence of obesity has increased dramatically worldwide, particularly in developed countries, and today obesity is regarded as a major contributor to the global burden of disease and disability. 1 Numerous health risks are known to be associated with obesity, including coronary heart disease, hypertension, certain cancers, noninsulin-dependent diabetes mellitus, musculoskeletal disorder, and infertility.
for a society. In Sweden, direct costs for obesity-related complications are estimated to be SEK 3 billion per year, and indirect costs (such as for sick leave, early pensions, etc.) are presumed to be as high as for direct costs. 8 Therefore, it is essential for a society to identify risk groups as well as underlying factors that contribute to the development of obesity. Across all industrial countries, considerable evidence suggests that people with low socioeconomic status (SES) are at greater risk of becoming overweight and obese than people with high SES. [9] [10] [11] [12] [13] Social differences in obesity are reported to be widening in Sweden, particularly among women. 14 However, the mechanisms by which social inequities in health are generated and maintained in particular contexts are not fully understood. In understanding the mechanisms, the importance of life-course perspective has increasingly been recognized. 15, 16 In a lifecourse perspective, cumulative differential exposure is one of the important mechanisms, also commonly known as the social causation hypothesis. According to the social causation hypothesis, social differences in health occur due to accumulation of multiple adverse circumstances experienced by the lower SES groups throughout the life course, as compared to the more favourable conditions experienced by the higher SES groups. 15 With regard to obesity, it has been suggested that psychosocial stress induced by multiple negative life circumstances may lead to unhealthy behaviour, resulting in increased risk of obesity. A study of middle-aged women reported that psychosocial stress (job strain, poor social support) and recent unhealthy behaviour together with a reproductive history of early menarche and high parity explained a large proportion of the association between low social class and obesity. 17 Other studies investigating the role of recent health behaviour suggest that health behaviour account for only some of the class variance in body mass index (BMI, kg/m 2 ). 18, 19 However, these studies [17] [18] [19] focus on recent life circumstances only, use limited indicators, and are cross-sectional in design, which makes it difficult to determine the direction of causality.
Research on the causes of obesity emphasizes the importance of long-term influence of early life circumstances, 16 particularly psychosocial circumstances. 20 Parental social class, 10 health-related behaviour, 21 and social acceptance 22 during childhood were reported to be associated with increased body fat in longitudinal studies. In a longitudinal study, teachers' assessment of parental neglect during childhood was found to be a risk factor for obesity in young adulthood. 20 However, the influence of early adverse circumstances in explaining social gradients in adult obesity has rarely been studied longitudinally. In addition, research on cumulative influences of adverse circumstances during lifetime (from early to recent years) on social inequities in obesity is sparse, mainly because few studies are designed longitudinally. This longitudinal study aims to examine explanations for social inequities in obesity (if any) among 30-year-old men and women. We focused on the cumulative influence of behavioural, social, and psychosocial circumstances from adolescence to young adulthood in explaining social differences in overweight and obesity at age 30 years and if the explanations differ by gender.
Population and methods
The data and the subjects The analysis is based on longitudinal data from a 14-year follow-up study. The study was carried out in an industrial town in the north of Sweden. The baseline survey was conducted in 1981, when all the 16-year-old pupils in the last year of compulsory school (grade 9) completed a comprehensive self-administrated questionnaire in the classroom (577 boys and 506 girls). In the Swedish school system, all the pupils follow the same core curriculum until grade 9. The pupils were followed up again at ages 18, 21 and 30 years using the same survey questionnaire. Extensive work was carried out to reduce the nonresponse rate to a minimum. The total response rate was 96.4% throughout the 14-year follow-up. The present study data are based on the questionnaire surveys at age 16 and 30 years, school records from age 16 years, and interviews with the form teachers at age 16 years. A total of 65 teachers were interviewed with structural questionnaires. In Sweden, the form teachers usually have regular contact with the pupils, they teach at least one major subject, and coordinate the class work. They also have the main responsibility for contact with parents. The form teachers had known the pupils for at least 6 months.
Outcome variable
The BMI was calculated from measured weight and height data recorded in school health records at baseline, and from self-reported data at age 30 years. The BMI at 30 years was categorized according to the criteria recommended by WHO. 23 The categories for men and women are: nonover- Measures of SES SES was assessed using the Swedish socioeconomic classification (SEI) of occupational categories. 25 Manual workers were grouped into blue-collar workers and nonmanual into whitecollar workers. At age 16 years, the classification was based on parents' occupation, primarily the father's occupation,
Explanations to social inequity in obesity M Novak et al but in single-mother households, the mother's occupation was used. At age 30 years, the subjects' own occupation and educational level was used. Educational level was categorized as low (p11 years of schooling) or high (X12 years).
Maturation and health-related behaviour, age 16 years The girls age at menarche was assessed in years. Factors used as measures of health behaviour were smoking, alcohol consumption, physical activity, and TV viewing. Smoking was dichotomized as never or stopped smoking versus currently smoking. Alcohol consumption was estimated in centilitres of pure alcohol per year. We assessed the frequency of physical activity using a score from 0 to 2, with 0 indicating regular, 1 infrequent, and 2 no activity. The subjects were asked to report how many TV programmes they watched. Alternative responses were from less than one programme/week to several programmes/day (scales 1-5).
Home-related factors, age 16 years Parental divorce was defined as if the participants were living with one parent. Parental support in education was assessed based on teachers' assessments of parental support in their children's studies with the response range 1-5 (very much to very little). An index of contact with parents was constructed based on participants' assessment of two separate questions related to contact with father and mother. The alternative responses were on a five-grade scale ranging from very good to very bad (1) (2) (3) (4) (5) . The index range was 2-9.
School-related factors, age 16 years A composite index of school control was constructed based on three questions: (1) ability to decide in school; (2) ability to pursue own interests; and (3) if anything they learnt at school could be useful in future. The alternative responses to each question ranged from 1 to 5 (very much to very little) and the composite index range was 3-15. An index of popularity in school was constructed based on teachers' assessment of two questions related to popularity among students and among teachers. The alternative responses were on a six-grade scale ranging from most to least popular (1-6). The index range was 2-12.
Health-related behaviour, age 30 years Similar behavioural factors and coding as at age 16 years were used for age 30 years, except for frequency of watching TV, which was ascertained as number of hours per week. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Social activity was assessed by the participation or nonparticipation in any association. Which kind of association was not specified in the questionnaire, but associations could, for example, be related to sport-, cultural-, or political activities, etc.
Work-related factors, age 30 years
Psychosocial job characteristics were assessed using two 6-item scales adopted from Karasek and Theorell 26 on job demand (referring to quantity of work, intellectual requirements, and time constraints of the job) and on job control (referring to the possibilities of making decisions, being creative, and using and developing one's own abilities), both ranging from 6 to 24. The scales were dichotomized according to the median split (9 and 8).
All factors were constructed from questionnaires that had previously been validated.
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Statistical analysis
Statistical analyses were performed in SPSS version 11.5. (SPSS Inc., Chicago, IL, USA). All the indices were calculated based on factor analysis (varimax), and items with factor loading X0.50 were included in the indices. All the scales were dichotomized in order to enhance the accuracy of the multivariate analysis. 29 We used three approaches for the data analysis. First, we assessed the distribution of the selected factors (for this study) between men and women (Table 1) as well as between the SES groups ( Table 3 ). The distributions of the factors were expressed in proportion, mean, and median. Differences in the distributions between groups were tested using w 2 tests for discrete variables, t-tests for continuous variables with normal distribution, and nonparametric test (Mann-whitney U-test) for continuous variables with skewed distribution. A P-value o0.05 was considered significant. Secondly, we estimated whether there were gender and SES differences in overweight at ages 16 and 30 years (Table 2) . Binary logistic regressions were used to assess the associations, which were expressed in odds ratios (OR) with 95% confidence intervals (CI).
In the last step of analyses, a series of logistic regressions were conducted to examine the influence of factors from adolescence to young adulthood on SES differences in overweight at age 30 years. We fitted separate univariable logistic models to estimate the effect of each explanatory Explanations to social inequity in obesity M Novak et al factor on SES differences in overweight, using the differences between the unadjusted and adjusted OR. The OR of overweight among low SES group compared with high SES group at age 30 years was the base model from which the contributions of individual factors were estimated. Since obesity during early years is known to be associated with later obesity as well as with later SES, 6,7 BMI at age 16 years is controlled for in the base model. First, we determined whether the adjustment for an individual explanatory factor in the base model resulted in a reduction of the OR (Table 4 ). The contribution of factors was measured by the percentage reduction in the OR ((unadjusted ORÀadjusted OR) Â 100/ (unadjusted ORÀ1)). 17 Factors that resulted in a reduction of the OR by 10% or more were then selected for inclusion in a subsequent multivariable model (Table 5) . A stepwise approach was used to construct this model, following a temporal sequence: first adolescence factors were included and then adulthood factors. The method allowed for the timing of particular events and circumstances, providing an indication of the relative and cumulative effects of particular explanations. 30 The data analysis approach applied here has been used in previous studies. 30, 31 Collinearity between the independent variables was explored using the technique developed by Wax 32 and found results unaffected. All the analyses were performed separately for men and women.
Results
The distribution of factors theoretically thought to be associated with overweight at age 30 years are shown for men and women at age 30 years in Table 1 . According to Table 1 , about half of the adverse factors were equally distributed between men and women. Among the rest, more risk factors were found to be common among men than in women. More men had been physically inactive, watched more TV, and were reported as being less popular at school at age 16 years. At age 30 years, a higher proportion of men were overweight and obese, consumed more alcohol, more often watched TV, were single, and had fewer years of education than women. On the other hand, at age 16 years, more women were smoking and experienced bad contact with their parents. At age 30 years, more women had children, reported restricted financial resources, poor social support, and poor social network than men. Explanations to social inequity in obesity M Novak et al
The differences in overweight between SES groups and gender at ages 16 and 30 years are shown in Table 2 . No SES or gender differences in overweight were observed at age 16 years. At age 30 years, no SES difference was observed for men or women when an occupational measure of SES was used. Using educational measures, men and women with low education had a significantly higher risk of overweight. For instance, the OR for overweight in women is 1.78 (95% CI 1.16-2.73) among those who attended only p11 years of schooling compared to women with longer education. Gender difference was also evident at age 30 years, where men had almost three times higher risk of being overweight than women (OR ¼ 2.81, 95% CI 2.14-3.68).
Since social difference in obesity was found only when the educational measurement was used, only results of the educational measurements are presented in the following sections. The distribution of factors thought to be associated with overweight at age 30 years is presented in Table 3 by educational level and gender. Almost every adverse factor from early years onward was significantly more prevalent among men and women who attended only p11 years of schooling. For instance, 12% women with low education had experienced violence as compared to 5.5% women with high education.
The contribution of factors from adolescence to early adulthood in explaining educational differences in overweight at age 30 years is presented in Table 4 by gender. The ORs for educational differences are given with adjustments separately for each factor, in order to identify factors that had substantial influence on educational differences in overweight, that is, factors that reduced the OR for educational differences by 10% or more. A total of 11 factors were identified, among which four factors for men and six factors for women substantially accounted for the educational gradient in overweight (Table 4) . For instance, among men, an estimated 29% of the increased risk in overweight of the lower educational group can be attributed to low parental support in education during adolescence. Among women, an estimated 26% of the increased risk of overweight of the lower educational group can be attributed to low school control during adolescence.
The 11 factors with substantial effect on the overweight differentials were selected from Table 4 for multivariate analysis, as shown in Table 5 . Controlling for all the selected factors simultaneously, the ORs for educational differences in overweight reduced from 1.51 to 1.16 in men and from 1.70 to 1.22 in women. This means that the selected factors play a significant role in explaining educational differences in overweight. Explanations to social inequity in obesity M Novak et al
Discussion
In this Swedish cohort, SES inequity in overweight was observed at age 30 years, but not at age 16 years. Both men and women with low educational level were more likely to be overweight. The educational gradient in overweight was wider among women than among men. The results revealed that cumulative exposures to adverse behavioural and psychosocial factors from both adolescence and recent years played a substantial role in the development of obesity among the low SES groups. The analysis also demonstrated that the explanatory factors to obesity were different for men and women, which is consistent with the study by Ball et al.
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The strength of the present study includes the availability of longitudinal data, collected prospectively throughout different life stages of the same populations. The life-course approach, therefore, could be used in explaining social gradients in overweight. The longitudinal data employed here are also quite unique for the extremely high response rate during a 14-year follow-up (96.4%). In addition, the questionnaire was sent to all the pupils of a certain age group in the municipality. Therefore, this cohort could be representative of young people of middle-range industrial towns in Sweden during the 1980s and 1990s. The major limitation of this study includes the use of self-reported measures of BMI at age 30 years. The misclassification associated with self-reports may cause bias in the prevalence of overweight and differentials between population groups, for example, social classes. 33 In a Swedish study, underestimation of BMI was found among all SES groups, but the highest underestimation was found among men with high SES and women with low SES. 33 Therefore, it is suggested that using selfreported BMI, the class differences in overweight and obesity may be overestimated among men, but underestimated among women. 33 If so, it would imply that the class differences observed in our study might be smaller among men and larger among women than was reported. The present analyses demonstrated that the occupational position was not associated with overweight for either men or women. A review by Sobal and Stunkard 34 revealed that in many countries, low occupational position is strongly associated with high obesity among women but less consistent among men. Differences in physical demands in Each estimate indicates the OR for educational differences in overweight resulting from an adjustment for the specified variable in a bivariate model. a Includes both overweight and obesity.
b Controlled for BMI at age 16 years. n ¼ number of participants; OR ¼ odds ratio; CI ¼ 95% confidence interval. % reduction ¼ indicates percentage reduction of OR for educational differences in overweight resulting from an adjustment for the specified variable. The reduction was estimated as: ((unadjusted ORÀadjusted OR) Â 100/(unadjusted ORÀ1)).
Explanations to social inequity in obesity M Novak et al men's and women's occupation have been put forward as one possible explanation for these inconsistent findings. 35 The authors suggest that low-status jobs for women are more sedentary, while men's jobs are more physically demanding, which might be protective against obesity. In the Swedish context, low-status jobs for women are not necessarily characterized as sedentary. For instance, nursing assistant or cleaner are typical women's jobs and also physically demanding. 36 On the other hand, some typical men's jobs such as drivers may be more sedentary. 36 Low job control was suggested as another reason for the association found between low occupational position and obesity among women. Low job control is associated with low-status jobs, and is more common among women than in men. Low job control might make it difficult for women to manage time effectively or to adopt a healthy lifestyle, leading to obesity. In our study, low job control among women was as common as among men. This could be a possible explanation for the lack of association found between occupational position and overweight for women. On the other hand, education may be related to obesity primarily through generating knowledge about eating behaviour, physical activity, and the negative health effect of obesity. 37 Therefore, one might expect an equivalent effect of education for both men and women. In our study, the association found between education and obesity for men and women is consistent with other studies. 35, 38, 39 However, the categorization of low (p11 years) and high (X12 years) educational groups in our study requires further discussion. In other countries, p11 years of schooling may not be considered low education. In Sweden, 9 years of schooling (elementary) is compulsory for all, and more than 85% of the study subjects went to 2 more years of upper secondary schooling. Therefore, 11 years of schooling was taken as a cutoff point. Like SES differences in overweight, gender difference in overweight was observed in this study at age 30 years (but not at age 16 years), where higher proportions of men than women were overweight and obese. Our finding partly contradicts the general trend that is observed in the WHO MONICA study on 48 different European countries, where women were more likely than men to be obese, whereas men were more likely to be overweight (age 35-64 years). 1 However, the prevalence rate of overweight and obesity found among men and women in our study is quite comparable to the national statistics for Sweden. Although comparison was problematic since our prevalence rate applies to a specific age group, that is, 30 years, while a wider age range is being used in the national statistics. The closest age range available for comparison was between 25 and 34 years from survey year 1998. There an overweightand obesity prevalence for men was given as 43 and 6%, respectively, and for women the corresponding rates were 25 and 5%. 40 These findings are close to our prevalence rate with 39.7 and 7.4% among men and 20.3 and 3.8% among women (with survey year 1995). An interesting observation in our study was that men had larger social networks and better social support than women. This finding is also quite contrary to earlier literatures. Our speculation is that in the study town there is only one Technical University, where most men are studying. Therefore, most likely women might have moved out of the town for higher education. As consequence, they have less social support and smaller social networks in a new town compared to the men who did not move from their hometown.
Explanations for educational differences in overweight As shown in a previous study, 17 early menarche was found to be one of the explanatory factors for a higher rate of obesity among women with low SES in this study. Although early menarche was not more common among girls in lower than in higher SES groups in the present study, it is plausible that early menarche in combination with other adverse behavioural factors among the lower SES group (for instance, physical inactivity and high alcohol consumption) may make them more prompt to develop obesity. Although the mechanism of the association between early menarche and adult obesity is uncertain, it has been suggested that it might be both biological and sociocultural. Various endocrine factors influence the accumulation of body fat, 41 and also that those girls who mature early are fatter at the time maturation begins than other girls of the same age. 42 Owing to the differences in body appearance between early and late Explanations to social inequity in obesity M Novak et al maturing girls, early mature girls may develop a negative body image. A negative body image is found to be one of the main causes of depressive symptoms among adolescent girls, 43 which may lead to comfort-eating behaviour or withdrawal from group activities such as school sports or physical activities, which in turn predisposes them to obesity. In previous studies, early maturing girls were reported to have negative body image, lower self-esteem, 44 and to be physically less active than late maturing girls of the same age. 45 Previous studies have shown a protective effect of physical activity on fatness. 46, 47 In our study, recent physical activity was found to be important for men, while physical activity during adolescence was important for women. In addition to physical activity, several other factors from adolescence were important for women in the development of obesity, while several recent factors were important for men. A similar trend was observed in an earlier study carried out on this cohort, where adolescence factors were important for women and recent factors for men in the development of class-based musculoskeletal disorders. 48 In the present study, recent nonparticipation rate in association activities was found to be significantly higher among men with low education than men with high education, and this factor was also found to contribute to high obesity among lower educated men at age 30 years. The differences in participation rate could be due to economy (e.g. sports club activities) and or differences in preferences for social activities between the SES groups. The present study showed that an unfavourable environment at home and in school during adolescence, such as parental divorce, not being popular in school and low school control was associated with adult obesity in women. The relationship between unfavourable life circumstances during adolescence and the later development of obesity is complex, but several potential mediators appear plausible. Adolescence is an important period of life for an individual course of development. An unfavourable environment during this period might negatively affect their self-worth and also cause stress. Negative self-worth and stress due to unfavourable circumstances may lead to unhealthy behaviours, resulting in an increased risk of obesity. In a Swedish study of school children (9-12 years), parental divorce was found to be associated with somatic ill health and stress among girls. 49 Boys, on the other hand, were reported to react differently to the same situation, increasing their alcohol consumption. 50 Evidence from an earlier study conducted on our study cohort suggests that both among boys and girls the lack of school control at age 16 years was significantly associated with increased alcohol consumption at the age of 18 years and the association was stronger among girls than among boys. 51 Among men, but not among women, low parental support in education during adolescence explained a large part of the class variance in later obesity. Lissau and Sorensen, 20 in their longitudinal study conducted in Copenhagen, showed that low parental support during childhood (9-10 years) was a strong predictor of later obesity (19-20 years) . In our study, we have assessed parental support in relation to the participants' education only, whereas later studies have assessed parental support in general. Nevertheless, it is interesting that this factor had an influence on later obesity in both studies. In the study by Lissau and Sorensen, 20 men and women were analysed together, so it is not known whether parental support had a similar effect for both men and women. In our study, it is not clearly understood why parental support in education during adolescence is less important for girls. However, in relation to parental support in education during adolescence, one may discuss it from the perspective of gender construction in society. Girls are expected to do well and take responsibilities both for themselves and for others from an early age. 52 Therefore, guidance or support from parents in schoolwork might be more beneficial for boys in school performance as well as attaining higher education. Low education is known as a strong predictor of obesity. Lack of parental support in education during adolescence may be associated with later obesity through educational attainment, whereby boys with low parental support in education may do poorly in school, and consequently attain low education as adults. In many respects, Sweden is known to be one of the most equitable countries in the world, yet women in general still receive lower salary than men for the same occupational position. 53 As shown in this study, more women reported having restricted financial resources than men, particularly women with low education, and this was part of the explanation for obesity among them. One potential mediator might be psychological stress associated with restricted economy. It has been suggested that psychological stress may influence the metabolism and distribution of body fat. 54 Another possibility is that a restricted economy is associated with obesity primarily through less healthy diets, which may be related to both lack of knowledge and lack of financial resources. Nutritious foods are, in general, more expensive than foods with high fat and sugar content. Therefore, it might be difficult to keep up with the healthy diets for women with limited financial resources, resulting in an increase risk of obesity among them. All the selected risk factors that were associated with obesity among men and women (described above) were also significantly more common among lower SES groups. The factors could also explain why lower SES groups had higher overweight and obesity. These results support the social causation hypothesis that social differences in health occur due to multiple adverse circumstances experienced by the lower SES groups throughout the life course as compared to the higher social groups. 15 
Conclusions
Social inequities in overweight reflect the cumulative influence of multiple adverse circumstances experienced
Explanations to social inequity in obesity M Novak et al from adolescence to young adulthood. The underlying pathways to social inequity in overweight differ between men and women. Policy implications to reduce social inequity in overweight include reduction of social differences in health behaviours and psychosocial circumstances that take place at different life stages, particularly psychosocial circumstances during adolescence.
